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EFFECTS OF SEVERAL LEADING-EDGE MODIFICATIONS
ON THE STAILING CHARACTERISTICS
oF A 45° SWEPT-FORWARD WING

By Gerald M. McCormack and Woocdrow L. Coock

SUMMARY

An Investigation has been conducted to determine the effects of
several leading-edge modificatlions on the meximm 1ift and pitching—
moment characteristics of a large-ascale 45° swept—iorward wing.

The results show that, of the modifications tested, a full-span
leading—edge flap deflected 30 down gave the largest gain of maxi—
mm 1ift (an increment of 0.22). Use of the full-span lesding-edge.
flap delayed the occurrence of separstion to & higher 1ift coeffi—
cient but, in general, the progresslion and sequence of separation
were unchanged. As a result, fore-and-aft shifts of the aerody—
namic center occurred which were gimilar to the shifts of the aero—
dynamic center of the basic wing. The aerodynamic—center shifts,
however, occurred at higher 1lift coefficients.

The addition of a more highly cambered nose to the airfoil
section, which increased the camber of the airfoll from 0.68 to
1.07 percent, increaged the maximm 1ift very little and had
little effect on the serodynamic—center shift.

The use of a leading—edge flap deflected 30° down over the
inboard one-haelf of the wing in comblnstion with a leading—edge
flap deflected 10° up over the outboard half incremsed the maxi-
mum 1ift coefficlent approximately the same amount as a half—span
leading—edge flap alone. This combination, however, altered the
progression of the gtall so that only a mild movement of aerody—
nemic center occurred in contrast to the abrupt shifts that took
place with the other configurations,
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IRTRODUCTION

When operated at moderate and high 1lift ccefficients, highly
swopt wings, in general, exhibit undesirable aerodynamic charac—
terlstics. The underlying causes of these characteristics in the
case of a U450 swept—forward wing were discussed in reference 1.
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tlon occurred at the tralling edge of the inboard sections and, ag
the angle of attack was increased, spread outward and forward.

This form of separation caused a rearwerd shift of aercdynamic

center and an increase in draeg but caused no loss of 1lift. Before
turbulent separation had progressed very far, leading—edge separation
occurred over the inboard sections, spreadling rapldly outboard as the
angle of attack was increaged. The effects of leading-edge meparation
overbalanced the effects of turbulent meparation and caused a forward
shift of aerodynmamic center, great increases in drag, and a decreased
lift—curve slope. It also established the meximm 11ft coefficient
of the wing sections and of the entire wing.

In order to obtaln satiafactory longitudlinal characteristics
for the 45° swept—forward wing, as concluded in reference 1, both
forms of separation must be postponed to an angle of attack at least
as high as the meximum that might be encountered 1in steady flight,
Further, since any evidence of longltudimal Instebllity would
poesibly curtail the usable 1ift range, the stall progression,
even though 1t occurs beyond the flight range of angle of attack,
should be such that no longitudimal Instabllity results.

As the first step toward improving the stalling characteristics
of the 45° gwept—forward wing, effort was directed toward delaying
and controlling leading-edge separation since it was this form of
geparation that caused the more delstericus effects. This report
presents the resulta of an investigation conducted in the Ames
ho— by 80-foot wind tunnel to determine the effectiveness of several
leading-edge modifications intended to delay and control leading-
edge separation over the large—scaele 45° swept—forward wing.

"NOTATION

The data are presented in the form of a‘bandard NACA coefficients
and symbols which are defined 1n the following tabulation:

CL 11t coefficient <1if )
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c1

Cp

8aCe

ol

gection 11ft coefficient <£ft per unit spen
qe

drag coefficient <51’Tgﬁ>

piltching—moment coefflclent computed about the gquarter—chord
point of the mean aercdynamic chord ( 1tchiqsamoment

aerodynamic center measured Iin percent chord aft of the
leading edge of the mean aerodynamic chord

pressure coefflclent <EZQL-P>

free—stream static pressure, pounds per square foot
local statlic pressure, pounds per square foot
free—stream dynamic pressure, pounds per square foot
‘wing ares, square feet

meen line designation

wing span, feet

b/2
/ o2dy
mean aerodynamic chord J-;———b 7z s Teet

c dy
o
local chord, feet

chordwise coordinate parallel to plans of symmetry, feet
spanwise coordinate perpendicular to plane of symmetry, feet
angle of attack of chord plane of baslc wing, degrees

angle of deflection of leading—edge flap, positive downward,
degrees
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MODEL, TESTS, AND RESULTS

The geometrlc characteristics of the swept—forward wing are
shown in figure 1. The wing had 45° of sweep forward of the quarter—
chord line, an aspect ratio of 3.55, a taper ratio of 0.5, no twist,
and no dilhedral. The wing sections were constant across the span,
and were WACA 6h1A112 gsectlons perpendicular to the quarter-~chord
line. A photograph of the wing mounted in the wind tunnel 1s shown
in figure 2. .

The wing was equipped with a plain leading-edge flap. (See
fig. 3.) This f£lap was hinged about the 12.5-percent—chord line
(of sectilons perpendicular to the quarter—chord line) on the lower
surface of the wing when deflected downward, and was hinged about
the l6-percent—chord line on the upper surface of the wing when
deflected upward. (The hinge lines on the upper and lower surfaces
were different due to structural reasons.) When the leading—edge
flap was deflected, the transition surface between the flap and the
wing had a radius of curvature egquml to the radius from the hinge
line.

After tests of the wing equlpped with the leading-edge flaps
were completed, the wing waes fltted wlth a nose plece which incor—
porated more camber than the original 6474112 section. (See fig. 3.)
The lines of the cambered nose were obtained from the forward
12.5 percent of a 64 —012 thickness distribution combined with an
a = 1.0 mean line which was cambered for an ideal 1ift coefflcient
of 2 (that 1s, an NACA 64k-2012 section). This nose plece was fitted
so that both the upper surface and the lower surface becams tangent
to the contour of the main portion of the wing at 12.5-percent chord.

Pregsure orifices were posltioned over the upper and lower
surfaces of streemwise sectlions which were located at 28.l-percent,
57.4-percent, and 85,0-percent semispan. The chordwise locations
are gliven in table I.

Force and pressure—distribution measurements were made through
an angle—of-attack range at zero sideslip. The data were obtained
at approximately 110 miles per hour (Reynolds number of 10.6 X 108
based on the mean aerodynsmic chord length of 10.41 £t)., The data
were obtalned at one value of Reynolds number, since data obtalned
on the plain wing (reference 1) showed no significant Reynolds
number effects, particularly within the purpose of thls report.

An index to the test results is given in the following
tebulation:
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Figure No. Configuration Results Shown
L Wing with full-span leading-— Cp,«,Cm ve C1,
edge flaps
5 Wing with leadling—edge flaps of Do.

varying spanwise extent

6 Wing with inboard one-half span Do.
leading—edge flap deflected
down, outboard one-helf epan
leading—edge flap deflected up

7 Wing with cambered nose of Do.
verylng spanwlse extent

8 Wing with full-span leasding-— Chordwise
edge flaps Pressures

9 Wing with inboard one-hslf Do.

span leading—edge flap
deflected down, outboard

one-half—span leading-—-edge
flap deflected up

10 Wing with full-span cambered Do.
nose

Standard tumnel-wall corrections for a straight wing of the
same ares and span as the swept—forward wing have been applled to
the angle—of~attack and drag—coefficient data. Thls procedure was
followed since a brilef analysis indicated that tunnel-wall correc—
tione were approximately the same for straight and swept wings of
the size under consideration. The correctlons applied are as follows:

N o= 0.7k Cy,

ACp = 0,013 Cy2

The data were corrected for drag tares. Pltching-moment tares
were not applied since they were not lkmown with sufficient accuracy
to warrant application, Indications are that they are not of sufficient
magnitude to materislly affect the results.
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DISCUSSION

As previously mentioned, in the endeavor to attaln satisfactory
longitudinal characteristice for the swept—forward wing, effort was
firet dlrected toward controllling the leading—edge type of separation.
This was taken as the first step in spite of the fact that turbulent
separation occurred prior to leading—edge separation. It was felt
that any alleviation of the effects of turbulent separation that
might be obtalned would have little influence on leading—edge separation.
Hence, the effects of leading—edge separation would scon overshadow any
beneficlal effects obtalned in the tralling-edge separation pattern.

On the other hand, it was reasonable to expect that beneficlal changes
of the leading-edge flow would be reflected by beneficlal changes in
the trailing-edge flow. In order to conirol leading-edge separation
the peek suction pressure mmst be decreased since the magnitude ard

the gradient of the pressure recovery appear toc be the principal factors
causing separation. The devices used to lower the suction peak on the
swept—forward wing were a plain leading-edge flap and increased camber
in the forward portlon of the wing.

Plain leading-fdge Flaps

Full-—opan flaps.~ The longltudimnal characteristics of the swept—

forward wing equipped with & full-span plain leading-edge flap are
ghown in figure 4. Compared to the basic wing, the linear portion of
the 1ift curve was extended from a 1ift coefficient of 0.65 to 0.87
(an increment of 0.,22) and the meximum 1ift was increased from 1.04
to 1.26 (an increment of 0.22). Drag coefficients in the moderate—
1ift range were significantly reduced. The first break of the
pltching-moment curve (rearward shift of aerodynamic center) was
delayed from & lift coefficient of 0.49 to 0.76 (an increment of
0.27); the second break (forward shift of aerodynamic center) was
delayed from 0.75 to about 0.93 (an increment of 0.18).

Although the full-span leading-edge flaps delayed the occurrence
of separation, allowing attainment of higher maximum 1lift and increas—
ing the 1ift coefficlents at which irregularities appeared in the
force characteristics, they had essentlslly no effect on the progression
of stall. Thls was indicated by the large, abrupt shifts of aerodynamic
center which were encountered once separatlon had occurred. The pro—
gression of the stall can more easlily be seen by examination of the
pressure distributions. In figure 11, comparisons can be made between
the pressure distributions at the 28.1~percent—semispan station for the
bagic wing and for the wing with the full-span leading-edge flaps. The
distributions at that semispan station are typlcal of all distributlions
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obtained. It can be seen in figure 11(a) that, on the basic wing,
starting at about 12.5° angle of attack, the pressures falled to

recover over the trailing edge, while the growth of preesures over

the leading edge was little affected. This, as described In reference 1,
indicated that turbulent separation was taking place., When the leading-—
edge flap was deflected the same changes in pressure distribution occurred
but were delayed to asbout 16.6° angle of attack. Thus, the leading—edge
flap delayed the occurrence of turbulent separation approximately 4°,
The chordwise redistribution of load resulting from turbulent separation
caused a negative increment of pitching moment (ACyH = —0.03) of essenti—
ally the same megnitude ag the increment associated with the basic wing.

Within a short angle—of-attack range after the onset of turbulent
separation, leading-edge separation occurred over the Inboard sections
of both the basic wing and the wing with the leading—edge flap. The
resulting changee in the pressure distributions can be seen in figure
11(b). On the basic wing the suction pesk began to decrease at about
16.6° angle of attack. This, as described in reference 1, indicated
that leading—edge separation was taking place., When the leadlng—edge
flap was deflected, two suction peaks occurred: one over the hinge line,
due to gamber; the other at the leading edge, due to angle of attack.
The suction peak over the hinge line began to decrease at sbout 20.8°
angle of attack. Thils caused a decrease of slope of the section 1lift
curve but did not define the meximum 1ift of the section. Section 11ift
confinued to increasse umtil the suction peak at the leading edge began
to decrease at sbout 24.9° angle of attack. Beyond this angle of attack
the sectlon began to lose 1ift. This loss of 1lift occurred first over
the inboard sections, and, as angle of attack was further Increased,
occurred over sections farther outboard.

The decreased section lift—curve slope resulting from loss of the
suction peak over the hinge line caused an outward, hence, forward
shift of the spanwise center of load. This, In turn, caused a forward
shift of the aerodynamic center similar to that which occurred on the
baslic wing. On the wing with leading—edge flap, the aerodynamic center
moved forward to about the T~percent point of the mean aerodynamic chord
in the high 1ift range; whereas on the basic wing it moved to a point
11 percent of the mean aserodynamic chord forward of the leading edge.
The lesser movement in the case of the flapped wing 1s atiributable to
the fact that 11ft was not lost suddenly as it was In the case of the
basic wing, but Instead occurred over a range of angles of atitack
extending from the angle at which the suction peak over the hinge line
began to decrease to the angle at which the suction peak at the leading
edge began to decresse. : :

There are little two—dimensional data available on which to predict
the benefits obtalnable by deflecting = plain leading—edge flap. It is
of considersble Iinterest, however, to compare such two—dlmensional
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results that are avallable with swept—wing results. The effect

of deflecting a leading—edge flap on an NACA 0009 alrfoil in two-
dimensional flow at a Reynolds number of 1.2 X 10° is given in
reference 2. Leading-edge separation was delayed to the extent
that an increment of maximum 1lift coefficlent of about 0.55 was
obtained. Simllar to the swept—forward wing, however, the maximum
1ift coefficient was still limited by the leading-edge type of
separatlon. Thus, 1t is reasonsble to make a comparison between
the two cases. The two—dimensional value, when corrected for

the effects of sweep,' is equivalent to an increment of maximum
1lift coefficient of about 0.27 on a 45° swept wing. On the swept—
forward wing (647A112 section perpendicular to the guarter—chord
line), = maximumrlift increment of 0.22 was obtalned using the
full-span leading—edge flap. The two values agree reasonably well,
indicating that the effects of & leading-edge flap on swept—wing
characteristics can be approximsted by using simplified sweep
theory (reference 3) to correct two—dimensional data.

Partisl—span flaps.— In an attempt to lessen the forward shift
of aerodynamic center which was still present wilth the full—span
leading—edge flaps, the spanwise extent (from the center line outward)
of the leading-edge flap was varled. By thils means it was Intended
to delay leading—edge separation over the inhoard sections (relative
to the basic wing) without appreciably changing that over the outboard
sections. Thereby the progressive outward and forward shift of center
of load would be lessened and the forward movement of aerodynanic
center would be decressed.

The longitudinal characteristice of the wing with leadlng—edge
flaps of various spans are shown 1n figuwre 5. It 1s seen that the
beneficial effects of the leadlng-edge flap were in all cases directly
dependent upon the span of the flap. The greater the span of the flap
the greater were the reductions in drag, and the smaller were the shifts
of aerodynamic center, partlicularly the forward shift, and the higher
wore the Increases in maximum 1i1ft. Thus the partial-span leading—edge
flap did not change the progression of stall as anticipated. This

*Tn accordance with the concepts of Betz (reference 3), on an oblique
wing, only the velocity component normal to the guarter-chord line
influences the pressures over the wing. Thus, on an oblique wing,
since the dynamic pressure perpendicular to the guarter-chord line
wlll decrease in proportion to the square of the cosine of the angle
of sweep, the maximum 1ift coefficient of the section should also

decrease in proportion to the square of the cosine of the angle of
sweep.
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Ineffectiveness was shown by the pressure distributions to be dus to
the dlsturbing effect on the flow of the dlscontinuity at midspan
between the deflected and undeflected portioms of the flap. This
discontinulty caused an earlier stall over the Inboard part of the

wing thus negatling any beneflicial effects that might have been cobtained.

Differentlally deflected flaps.— A further attempt was made to
modi1fy the sequence of separation in the effort to improve the longi-—

tudinal stabillity of the wing by deflecting the inboerd half semispan
of the leading—edge flap downward gOo and ‘the outboard half semispan
of the leading-edge flap upward 10%Y. Thereby, 1t was anticipated that,
while the down-deflected flap wonld delay the stall over the inboard
area, the up-deflected flap would cause the outboard area to stall

at an earlier angle of attack. The longitudinael cheracteristics of
the wing with this configuration are shown in figure 6. It is evident
that considerably less shift of asrcdynamic center was encountered
with this configuratlon than with the full-sparn leadlng—edge flap.
This 1s further shown by a comparlson of the aerodynamic center travel
of the varlous configurations In the following tabulation:

Position of | Approx. aft Approx. for— Maximum
Config— 8<.Ce &8t low ] position of wvard positlion 8.Ce
wration Cr. 8eCe of a.c. movement
(percent ©) | (percent T) (percent T) (percent T

A 30 k1 ~11 52

B 25 53 T 46

c 29 59 —~11 70

D 28 28 16 12
Note:

A. Beaslc wing
B. Wing with full-span leading edge flap deflected 30° down
C. Wing with inboard one-half—span leading—edge flap deflected 30° down
D. Wing with leading—edge flap with inboard one-half span deflected
300 down and outboard one-half span deflected 10° up

The large diminution of aerodynamic—center travel obtained by
differential deflection of the leading—edge flap is desirable from
the longitudinal—stability standpoint. It should be noted, however,
that, compared to the full-span leadlng—edge flap, the drag rise was
very rapid and some loss of 1ift wae sustained.
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Cambered. Nose

The longitudinal characteristics of the wing egulpped with a full—
gpan and an inboard half—span cambered nose are shown in figure 7.
Although slight gains were evidenced, the over-all effect of the
cambered nose on the wing characteristics was insignificant.

The reason for this can be seen upon examination of the pressure
distributions. Examples of the pressure distributlione over the upper
surface of streamwise sections at 28.1 percent of the semispan of the
basic wing, the wing with cambered nose, and the wing with leadlng-edge
flap deflected 30° are compared in figure 12. It can be seen in
figure 12(a) that, compared to the plain wing, the suction peak and
the recovery gradient obtalned over the wing with cambered nose were
decreased. It 1s of Iinterest to compare these changes ln pressure
distributions with the changes which would be theoretically predicted.
Pressure dlstributions for the three configuretlcns tested computed
in accordance with the methods of reference 4 are shown in figure
12(b). It is seen that the nature of the changes to be expected by
modifying the airfoll contour are indicated qualitatively by the
theoretlical pressure distrlibutions.

The changes in the pressure distribution obtalned by usling the
cambered nose were not sufficlent to significantly alter the separa—
tion characteristics. This was Indicated by the small changes ovi-
denced in the force data., The Information 1s not available to determine
how much the pressure dilstribution must be changed, that 1s, how much
camber should be Incorporated to appreclably delay separation. The
alrfoll was composed of the forward 12—1/2 percent of a very highly
cambered airfoll (64-012 cambered for an ideal 1ift coefficlent of 2)
combined with the aft 87—1/2 porcent of the original ShlAlla alrfoll.
The result was a meximm mean line camber of 1.07 percent of chord
located at approxlmately 12-1/2 percent chord. This was considerably
more than the camber of the 64,A112 airfoil (which had & maximm cenber
of 0.68 percent of chord located at 50-percent chord) but was far less
than the wing equipped with the leading—edge flap deflected 30° (which
had o maximum cember of T.Ok percent of chord located at 12-1/2—
percent chord). As a further comparison, an NACA 4412 airfoil which.
gtalls from progressive turbulent separation (the kind of stall desired)
has a maximm mean line camber of U percent of chord located at approxi-
mately 40-percent chord. Judging from the foregoing, the indications
are that a canmbered nose should have four or five times the emount of
camber used In the pregsent tests to significantly alter the stalling
characteristics of the wing.
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CONCLUDIRG REMARKS
. E ]

The results of the tests made to lmprove the maximum 1ift and
the longitudinal characteristics of a 45° swept—Fforward wing by
using leadlng-edge modifications are summarized in the following
table:

Pogition Cr, at]| Approx. C1, at |Approx.
of a.c. which aft which |forward
Config— Cr, .+ PLperlat low a.c. |position |a.c. position
uration CL moved| of a.c. moved |of a.c.
(percent T©)| aft |(percent T)|forward|(percent ©)
A 1.0} - = 30 0.k ha 0.75 =11
B 1.26| .22 25 .76 53 .93 T
c 1,18} .1k 29 .76 59 Sl 11
D 1.1k} .10 28 none 28 .63 16
E 1.05} .01 30 <53 41 T8 —23
Note:

A. Baslc wing

B. Wing with full-span leading—edge flap deflected 30° down

C. Wing with inboard one-hslf span leading—edge flap deflected 30° down

D. VWing with leading-edge flap with inboard one-half spen deflected
30° down and outboard one—half span deflected 10° up

E. Wing with full-span cembered nose

Ingofar es maxImum 1ift is concerned, the greatest galn was obtaln-
able by using a full-span leading—edge flap deflected 30° down. Use
of the leading-edge flap delayed seperation, but, in general, the
progresslon and sequence of separation were unchanged. The fore-and—
aft shifts of aerodynamic center of the plaln wing, therefore, were
glso assoclated with the wing with leading—sdge flap. The aerodynamic
center shifts were, however, evidenced at higher 1li1ft coefficients as
indicated in the table,

Adding a more highly cambered nose to the airfoll section, which
increased the camber from 0.68 to 1.07 percent of the chord, increased
the maximm 1ift very little and had little effect on the aerodynamic—
center shift.
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The use of a leeding-edge flap deflected 30° down over the
inboard one-half of the wing 1n qomblnation with 2 leadlng-edge flap

deflected 10° up over the ocutboard helf increased the maximum 1ift
coefficient aspproximately the same smount as the inboard half-span

leading—edge flap deflected 30° down. This combination, however,
altered the progression of the stall so that only a mild movement
of aerodynamic center occurred without the abrupt shifts that took
place with the other configurations.

Ames Aeronautical Laboratory,
Netionsl Advisory Commlttee for Aeronautics,
Moffett Fileld, Cslilf.

REFERENCES

l. McCormeck, Gerald M., and Cook, Woodrow L.: A Study of Stall
' Phenomena on a 45° Swept—Forward Wing. NACA TN 1797, 1949.

2. ILemme, H. G.: Kraftmessungen und Druckverteillungsmessungen an
einem Flugel mlt Enicknase, Vorflugel, Wolbungs— und
Spreizklsppe. Aerodynamische Versuchsanstalt Gottingen
E. V. Forschungsbericht Nr. 1676. Oct. 15, 1942.

3. Betz, A.: Applied Airfoil Theory. Unsymmetricel and Non-Steady
Types of Motion. Vol. IV of Aerodynamic Theory, div. J,
Ch. IV, sec 4, W. F. Durand, ed., Julius Springer (Berlin),
1935, pp. 94-107.

k., Allen, H. J.: General Theory of Airfoll Sections Hav'ing Arbltrary
Shepe or Pressure Distribution. HNACA Rep. 833, 1945.

45



TABLE I

CHORTWISE ORIFICE POSITTON AT STATIORS 28,1-PERCENT, 57.4—PERCERT, AND 85,0-FERCENT SEMTSPAN

Opi— Wing with 1eadin§-ed.ge Wing with Wing with leadingaed.ga
£106 flap deflected 30~ down cambered nose flap deflected 10~ up
Yo, Upper surface | Lower surface | Upper surface | Lower surface | Upper surface | Lower surface
(percent chord) ((percent chord) |(percent chord)|(percent chord) |(percent chord)|(percent chord)
1 0 —— 0 - — 0 -
2 .06 0.30 L 0.41 .31 0,2
3 o2 .07 .66 .66 .50 A3
L .5% 1,22 91 9L 1.10 .89
5 1.00 1.75 1.16 1.16 1,62 1.36
6 1.82 2,79 1.67 1.67 2.65 2.2&
T 2,66 3,80 2.16 2,16 3.60 3.2
8 3.95 5429 3.16 316 5,10 WE]
9 6,14 T T4 4,16 4,16 1.72 7.16
10 8.36 10.17 5,67 5.67 15.00 0,62
11 10.75 15.00 8,16 8.16 20,00 15,00
12 13.25 20.00 10.67 10.67 30.00 20,00
13 15,00 30,00 15,00 15.00 40,00 30.00
4% 15,86 40,00 20,00 20,09 50,00 40,00
i5 20,00 50,00 30,00 30.00 60,00 50,00
16 30.00 60,00 40,00 40,00 70.00 60.00
17 10,00 70,00 50,00 50,00 80,00 70.00
18 50400 80.00 60,00 60,00 90.00 80,00
19 60,00 90.00 70,00 70,00 97.50 96.00
20 70,00 37.50 50.00 80,00 —— = 97.50
2L 80,00 ——— 90,00 90,00 —_——— -———
82 | 90,00 ——= 97.50 97.50 - == -—=
23 97.50 - == - - == —— = ———

*No 81':1;?109 no. 1k station 28,1 percent semispan on the upper surface on leading-edge flap deflected
30~ down,
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Air stream

6‘6‘7'—-’{

-

NACA GﬁA /2,
a=Q& section

Area 34548 sq.Tt
Aspect ratio 3.55

Tgper rafio Q5
Wing twist O0°®

Figure I.- Geomeftric characteristics of
45° swepl-forward wing.
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Figure 2.~ The 45° swept—forward wing in the Ames 40~ by 80-foot wind tumnel. Imboard one-half-span

leading-edge flap deflected down. _I:_"
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' ¢
Hinge line of flap wher
deflectsd up

7\' ——
% ..... 2 Chord line >’_

S " Hinge line of flap when
X/_/ 0X5®  deflscted down

Wing section with leading-edge flap

0. /25c-|
-64-2012 644112, a=0.8

,/ _Mean ling i -
S

Wing saction with cambered nose

Figure 3-Skefch of wing sections tested on
45° swepl-forward wing.
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Figure 5. — Longitudinal characteristics of the 45° swepl-forward wing with a leading-edge flap of
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Figure 6 — Longitudinal characteristics of the 45° swepl-forward wing with the inboard haff-span
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Figure 8. —Chorawise pressure distributions for 45° swepl-
forward wing with a full-span leading-edge flap deflected
30° down.
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